To improve traffic safety, states limit truck length and weight, and some set lower speed limits for trucks than for other vehicles. We examined the impact of truck-specific restrictions and general trafficsafety policies on fatality rates from crashes involving large trucks.
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To improve traffic safety, states limit truck length and weight, and some set lower speed limits for trucks than for other vehicles. We examined the impact of truck-specific restrictions and general trafficsafety policies on fatality rates from crashes involving large trucks.
We used state-level data from 1991 to 2005 with a crosssectional time-series model that controlled for several policy measures. We found that higher speed limits for cars and trucks contributed to higher fatality rates, but differential speed limits by vehicle type had no significant impact.
Truck-length limitations reduced fatalities in crashes involving large trucks. Our model estimates suggested that if all states had adopted a speed limit of 55 LARGE TRUCKS ACCOUNT for less than 5% of registered vehicles in the United States and only 8% of the total miles driven, but they are disproportionately involved in passenger vehicle occupant deaths compared with other vehicle types. 1 About 5000 fatalities and 120000 injuries per year occur in large-truck crashes; 15% of these fatalities occur in large trucks, and 78% occur in the other vehicles involved.
2,3
The Federal Motor Carrier Safety Administration set a goal of reducing fatalities associated with crashes involving trucks by 41% from 1996 to 2008, and the rate dropped from 2.81 fatalities per 100 million vehicle miles traveled (VMTs) in 1996 to 2.29 in 2004. The federal government regulates truck-driver behavior with required rests and time traveled per day, and the number of on-site safety reviews at trucking companies doubled from 1998 to 2004. 2 The states, however, are primarily responsible for American trafficsafety policy, including licensing guidelines, speed limits, laws concerned with drinking and driving, and seat-belt requirements. Some state policies have been enacted in direct response to federal pressure, such as the adoption of 0.08 blood alcohol content (BAC) laws, but state traffic-safety policies vary considerably.
State policies often regulate driving behavior without regard to vehicle type (e.g., prohibiting drug use, limiting BAC, setting a minimum legal drinking age, and requiring the use of seat belts). These policies seek to limit injurious and fatal traffic crashes by all drivers. For truck transportation, states not only regulate speed but also limit truck weight, length, and height, and states use scales to detect violations. 4 The federal government has set a standard for truck weight and length on interstate highways, but states set maximum truck lengths and weights for all other state roadways.
States have frequently modified speed limits over recent years as legislators have responded to national regulations, federal financial incentives, interest-group pressure, and constituent preferences. Although there is a spirited ongoing debate on the general impact of speed limits, truck speed limits have received scant scholarly attention. The common assumption is that higher speed limits will pose a greater danger to vehicle occupants, but research on the effect of speed limits on traffic crash fatalities has shown mixed results. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] In addition, studies on the impact of average truck speeds on fatalities show inconsistent results; some studies have shown that speed alone had no impact on fatalities, 15 whereas others have found a significant association between higher speed limits and more fatalities. 16, 17 States often set lower speed limits for large trucks than for other motor vehicles. Differential speed limits by vehicle type have the potential to create 2 streams of traffic flowing at different rates. 18 Studies have shown that differential speed limits resulted in observed speed differences between cars and trucks, but the actual differences were often less than the posted differences. [19] [20] [21] Further, studies have found that a greater speed difference was associated with a significant increase in fatalities. [15] [16] [17] 22 Since 1995, states have had the freedom to set maximum speed limits. As shown in Figure 1 , trucks and cars had the same maximum rural speed limits for a majority of years from 1991 to 2005. The 55-mile-per-hour (mph) speed limit was in force for both passenger vehicles and large trucks 6% of the time. Truck and car speed limits at 60 mph account for 2% of state-year observations, truck and car limits at 65 mph account for 45%, truck and car limits at 70 mph account for 15%, and truck and car limits at 75 mph account for 12%. Differential speed limits account for 20% of observations, with the largest difference at 15 mph (70 for cars and 55 for trucks) in 1% of observations, a 10-mph difference in 15%, and a 5-mph difference in 4%. Figure 2 provides an initial assessment of the relationship between maximum rural speed limits and the traffic-fatality rate. The graph clusters the data by car speed limits; within each cluster, there is a separate bar for each truck speed limit associated with that cluster's car speed limit. Generally, states with higher speed limits have higher fatality rates. The 65-mph and 75-mph clusters have higher fatality rates than do the 55-mph and 60-mph clusters. There is no real difference between the truck speed categories in the lower-speed clusters, but the 70-mph cluster shows a strong positive relationship between higher truck speeds and much higher fatality rates.
Little research has been conducted on the impact of trucking regulations on traffic safety, but we intended to fill this gap. Our main areas of interest were the maximum speed limits for trucks and passenger vehicles and the differences between the 2 speed limits. Our research focused on whether truckspecific speed limits, length restrictions, and weight limits affected US traffic-fatality rates. We used state-level data to conduct a cross-sectional time-series regression analysis of traffic fatalities from crashes involving large trucks in the United States from 1991 to 2005. We also examined the impact of a number of general trafficsafety policies on fatality rates from crashes involving large trucks.
In addition to speed limits, alcohol laws have long been at the forefront of states' traffic-safety efforts. Studies have shown that the minimum legal drinking age affects passenger vehicle safety, 23, 24 but this factor is invariant during our time frame. To test policies seeking to reduce fatalities related to drinking and driving, we dichotomized the presence of a 0.08 BAC state law, and we included the state's alcohol consumption level in our model. Previous research shows that states with higher levels of alcohol consumption experience higher truck-crash fatality rates [25] [26] [27] [28] and that 0.08
BAC laws reduce such fatalities. 29 States also enact passengerrestraint laws to enhance traffic safety, and studies have found a significant fatality-rate reduction associated with laws requiring seat belt use in passenger vehicles. 27, 28, [30] [31] [32] We expected this relationship to hold for fatalities from crashes involving large trucks. Highway conditions also influence crash fatalities, and our model included funding levels for 3 categories of highway expenditures: capital, maintenance, and police and safety. 27, 28, 33 We expected capital expenditures to increase roadway mileage and increase traffic flow, which accommodate higher speeds that could contribute to crash fatalities. Maintenance expenditures may eliminate poor road conditions or enhance safety features, thereby lowering fatality rates. We expected higher levels of law enforcement expenditures to increase compliance with safety laws and therefore decrease the fatality rate.
METHODS
We tested a cross-sectional time-series regression model of truck-crash fatalities in the United States for 1991 to 2005. The dependent variable was the number of fatalities in vehicle crashes involving a large truck per billion VMTs in the state. We obtained the dependent variable from the Fatality Analysis Reporting System, a dataset maintained by the National Highway Traffic Safety Administration. 34 We dropped Hawaii from the analysis because (1) there was a low number of fatalities (5 or fewer annually in 10 of the years covered by our analysis), (2) there were few truck registrations, (3) there was no truck traffic from adjoining states, and (4) there was no variation in speed limits, truck length restrictions, or truck weight restrictions during the study period. Given the dominance of the cross section (49 states) over the time component (15 years), we used generalized least squares Note. Speed limits are given in miles per hour, with the speed limits for cars listed before those for trucks. The maximum rural speed limit in each state for each year was a state-year observation.
regression to estimate models. The states were the unit of analysis, and the model included fixed effects for states and for each year. The state fixed effects accounted for unique circumstances in each state, and the year fixed effects accounted for changes over time in the data set, such as national factors that may have influenced traffic safety across states.
In estimating the models, we tested for random effects in the cross sections. We used the Breusch and Pagan Lagrangian multiplier test, 35 and we found that truck traffic. The number of VMTs by trucks would allow a more precise measure of truck traffic, but VMT estimates have only been available since1994. To extend our time series and capture maximum variation in state policies, we operationalized the amount of truck traffic on a state's roadways as diesel fuel consumption in that state per VMT. 41 For the observed data (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , the correlation between diesel fuel consumption and truck VMT was 0.97, indicating that the operationalization would be a viable proxy. We expected that as the diesel fuel consumption per VMT in a state increased, the truckcrash fatality rate would increase.
To capture the total amount of traffic on a state's roadways, we included the total VMT by all vehicles per capita. 41 The total VMT reflected underlying trends in population, number of vehicles on the road, and distances traveled. We expected that total VMT per capita would correlate positively with truck-crash fatality rates, because higher VMT suggests more driving time, implying greater crash risk.
Per capita income (measured in constant dollars, with 1982-1984 = $100) reflects economic factors, 43 but interpretations of its impact vary. Some studies suggest that citizens with higher incomes will demand greater safety, 26 whereas others suggest that drivers with higher incomes will place a higher value on time, thus increasing risky driving behavior. 44, 45 Although risk compensation may affect individual behavior, we expected higher average income to contribute to safety in various ways, such as the purchase of newer and generally safer vehicles.
Unemployment rates also influence driving habits; periods of high unemployment may suppress driving as citizens economize their leisure activities. 27, 28 We obtained data on income and unemployment from the US Census Bureau. 43 We also included control variables for weather and population density. 43 Severe cold weather may correlate with unsafe road conditions that limit traffic, thus reducing fatalities. Also, whereas precipitation may slow truck traffic, it also increases the likelihood of a driver losing control and experiencing a more severe crash. Population density is a proxy for urban areas, 43 which have lower speed limits and higher levels of congestion that may reduce truck speed and induce truck drivers to seek less traveled routes or travel at less congested times, resulting in lower fatality rates.
RESULTS
Our dependent variable was the fatality rate in crashes involving large trucks (fatalities per billion VMT). Because of the high degree of collinearity among our main variables of interest, we used 4 model specifications: maximum speed limit for trucks, maximum speed limit for cars, equal maximum speed limits for both vehicle types, and the total combined speed-limit amount above 55 mph (Table 1) . We relied on a dichotomous variable for whether the 2 speed limits were equivalent (1) or not (0), but in unreported models, we observed no differences if the variable was measured as an interval variable.
The first model revealed that a higher truck speed limit had a significant positive association with the truck-crash fatality rate. In the second model, when we controlled for the same speed limit for cars and trucks, the truck speed limit parameter estimate was also positive and significant. The equal-speed-limit variable did not approach significance, and the coefficient's sign was counter to expectations, with a positive value (and thus a higher fatality rate) rather than a negative one. A higher speed limit for trucks contributed to significantly higher fatality rates, but differences in speed limits between cars and trucks had no significant impact. The third model showed that car speed limits had similar positive and significant effects on the truckcrash fatality rate, and the equalspeed variable remained nonsignificant. The fourth model showed that the total combined speed-limit amount above 55 mph had a significant effect on the fatality rate; the equal-speed variable was again nonsignificant.
Two safety policies geared toward all vehicles had different effects on the fatality rate from crashes involving large trucks. The adoption of a 0.08 BAC law had no significant impact on truckcrash fatalities, and a seat belt law had a significant negative effect. Although other studies 29 found that seat belt laws were associated with reduced fatality rates in crashes involving large trucks. Truck-specific regulatory policies governing maximum length and maximum weight showed mixed effects on truck-crash fatalities. A higher maximum truck length was significantly associated with a higher fatality rate, but the effect of a higher maximum truck weight was nonsignificant and not in the hypothesized direction. There are several ways to explain the null finding on maximum weight. First, a large proportion of truck traffic occurred on interstate highways, which have a consistent federal standard of 80 000 pounds in maximum weight and 65 feet in maximum overall length. Second, there were numerous exceptions to the weight limits, such as permits for manufactured homes and large, nonseparable loads. Third, studies suggest that a small fraction of trucks exceed 80 000 pounds. 46 Fourth, in a 2002 study, less than1% of fatalities involved trucks that weighed more than 100000 pounds, and less than 1% of fatalities involved trucks longer than 80 feet in combined length. 3 Finally, the low variance in the weight limit variable may have limited the results, because 34 states had a truck weight limit of 80 000 pounds in 2005.
Of the expenditure variables, only capital expenditures attained significance. Generally, states that spent more on expanding highway capacity had significantly higher truck-crash fatality rates. Higher capital expenditures may increase capacity, allowing higher speeds that contribute to more-severe crashes. On the other hand, maintenance expenditures and police and safety expenditures were not significantly related to truck-crash fatality rates. Such expenditures may focus on roadways not heavily used by large trucks or may be used for features that increase safety for cars but not trucks.
The control variables generally performed as expected. Diesel fuel consumption per VMT, as a proxy for truck travel, had a strong positive parameter estimate. As truck traffic increased, the truck-crash fatality rate also increased. The total VMT per capita variable, however, was significant and negative (contrary to expectations). In other words, the greater the mileage driven by the average state driver, the lower the state's truck-crash fatality rate. Of the remaining control variables, only income and unemployment rates attained significance; alcohol consumption, temperature, precipitation, and population density were nonsignificant.
DISCUSSION
Our results agreed with previous research that found a significant association between speed limits and fatalities, 16, 17 but our results contradicted studies finding a positive relationship between differential speed limits and fatalities. [15] [16] [17] 22 Our results suggest that states can reduce traffic fatalities from crashes involving large trucks by lowering speed limits for all drivers and that setting lower limits for trucks than for cars will not mitigate the safety effects. Overall, higher speed limits for all vehicles appeared to be a major factor in the fatality rate from crashes involving large trucks, and a speed-limit difference between cars and trucks was not a significant issue. Research has shown that differences in actual speeds are often smaller than differences in posted speeds, [19] [20] [21] which may explain this finding of nonsignificance.
To add context to the interpretation of the results, Table 2 presents the estimated change in the annual number of fatalities for each state based on the fourth model in Table 1 . With the parameter estimates for the total 
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States have an array of policy tools they can use to reduce the fatality rate from crashes involving large trucks. Our results suggested that truck speed limits, car speed limits, seat belt laws, and trucklength limits are significant predictors of fatality rates in crashes involving large trucks. Differential speed limits for trucks and cars did not affect safety, and truck weight limits were not significantly associated with fatality rates from crashes involving large trucks. j The passage of universal helmet legislation requiring motorcycle riders of all ages to wear helmets is a timely and controversial issue with far-reaching public health implications, especially as the number of motorcycle fatalities continues to rise. In 2008, only 20 states had a universal helmet policy, an effective safety measure for reducing motorcycle fatalities and serious injuries.
We used state-specific longitudinal data for the continental United States from 1990 through 2005 to determine which industry, political, economic, and demographic factors had a significant influence on the enactment of universal helmet policies. Our findings suggest that political climate and ideology are important predictors of helmet policies. The number of motorcycle riders killed in 2006 (4810) accounted for the highest share (11%) of total traffic fatalities ever. 2 Recent trends are alarming and should generate interest in public health and policy interventions to reduce the risks associated with motorcycle riding. Studies have consistently shown that a motorcycle helmet is a vital piece of equipment for decreasing the risk of death and brain injuries [3] [4] [5] [6] [7] and that helmet laws are significantly associated with lower fatalities. [8] [9] [10] One study estimated that motorcycle helmets lower the risk of death by 42% and head injury by 69%. 4 Yet, few traffic policies have been as controversial as universal motorcycle helmet laws, which require every rider to wear a helmet regardless of his or her age. Motorcycle rights groups first organized and challenged the laws in court after Congress withheld highway construction funding from states without universal helmet laws in 1967. 9, 11 The federal government has taken various actions since then, decreasing (or increasing) funding for states without (or with) universal helmet laws, and state governments have been responsive to these incentives ( Figure 1 ). The last change occurred in 1995 when Congress repealed financial incentives for states without universal helmet laws. 13 As of April 2008, 20
states had universal helmet laws, 27 required only young riders to wear helmets, and 3 (Illinois, Iowa, and
